Objective To examine the risk factors for Mycobacterium tuberculosis infection (MTI) among Greenlandic children for the purpose of identifying those at highest risk of infection. Between 2005Between and 2007Between , 1797 Greenlandic schoolchildren in five different areas were tested for MTI with an interferon gamma release assay (IGRA) and a tuberculin skin test (TST). Parents or guardians were surveyed using a standardized selfadministered questionnaire to obtain data on crowding in the household, parents' educational level and the child's health status. Demographic data for each child -i.e. parents' place of birth, number of siblings, distance between siblings (next younger and next older), birth order and mother's age when the child was born -were also extracted from a public registry. Logistic regression was used to check for associations between these variables and MTI, and all results were expressed as odds ratios (ORs) and 95% confidence intervals (CIs). Children were considered to have MTI if they tested positive on both the IGRA assay and the TST.
Introduction
Although Greenland has experienced steady improvement in general living standards since World War II, tuberculosis (TB) remains a major health problem throughout the country. 1, 2 Overall TB incidence in Greenland doubled in the 1990s 3 and still remained at 130 cases per 100 000 in 2010. 1 The proportion of TB cases comprised by children under the age of 15 years rose from 8% in 1990 to 25% in 1997. 3 Because of this resurgence of TB, in 1999 national health authorities launched a TB control programme consisting of the vaccination of all neonates with bacille Calmette-Guerin (BCG), early case detection and the monitoring of treatment outcomes. 4 In 2007 the programme was revised to include routine screening of children for Mycobacterium tuberculosis infection (MTI) at the ages of 6 and 16 years. Despite this effort, TB incidence and the risk of MTI among children remain high. 4, 5 Surprisingly, the resurgence of TB in Greenland is not linked to human immunodeficiency virus (HIV) infection or to multidrug resistant TB, both of which are still very uncommon in the country. As of 2010, only 157 HIV-positive cases had been registered despite free HIV testing and only one case of multidrug resistant TB had been documented. 1, 6 Instead, it appears to result from microepidemic outbreaks in small towns and remote settlements. TB is 20 times more common among the Inuits of Arctic Canada and Alaska than among non-native white populations. [7] [8] [9] [10] [11] This elevated risk suggests that even in resource-rich countries, TB control is difficult in small, hard-to-reach communities with limited health resources.
In 2009, a World Health Organization group proposed a revision of current TB control, targeting strategies to minimize exposure to TB as measured by the presence of MTI. 12 The revision raises the need to better understand the risk factors associated with MTI, especially at the local and regional level, since risk factor profiles vary from place to place and one programme will not necessarily be effective everywhere. The objective of this study was to explore the risk factors for MTI among Greenlandic children to help identify the children at highest risk of infection
Methods

Study sites and population
An ice cap covers 82% of Greenland's territory, permitting settlements only in coastal areas. The population, which numbers 57 000, is 90% Inuit. Greenland is an integral part of the Kingdom of Denmark but is self-governing. Although its population is less affluent than that of Denmark, it is nonetheless wealthy by developing country standards, with a gross national product per capita of had 2880 eligible children in that age group (i.e. 25% of the entire Greenlandic population of children 6 to 16 years old), all of whom were invited to participate in the study. We included all schools and identified the children through school protocols.
The surveys were conducted through all local schools in the designated survey areas. Prior to the surveys, the school sent every student home with information about the study and a questionnaire in both Danish and Greenlandic. Enrolment required informed consent signed by a parent or guardian. During the survey a nurse or doctor measured every child's height and weight using a scale and a measuring tape. These measures were used to derive a body mass index (BMI) with a BMI percentile calculator specific for children. The calculation used the basic BMI formula: body weight in kilograms divided by the square of the height in metres. Results compare BMI-for-age percentiles with BMI-for-age growth charts. 16 In Greenland, neonates have been vaccinated with BCG since 1949 except during the period from 1991 through 1996. We ascertained the BCG status of participating children retrospectively by inspecting detailed vaccination records maintained by community nurses at local health-care facilities. We drew a venous blood sample from each child and administered to each a tuberculin skin test (TST).
Risk factors
We extracted demographic information on each child from the civil registration system (CRS), which contains information on all Greenlanders. 17 This included parents' place of birth, number of siblings, distance between siblings (next younger and next older), birth order and mother's age 
Mycobacterium tuberculosis infection
The venous blood sample was used to test for MTI using the Quantiferon TB-Gold In-Tube (QFN) The TST was applied to the dorsal aspect of the forearm by the intradermal Mantoux method using 2 tuberculin units (0.1 ml) of RT-23 purified protein derivative (PPD) (Statens Serum Institut, Copenhagen, Denmark), and the result was read 72 hours later by an experienced examiner.
According to current Greenlandic TB guidelines, an induration  12 mm in diameter at the injection site indicates a positive response. Some TST results were missing because testing was refused or the child was lost to follow-up before the reading of the TST.
A child was considered to have MTI only if he/she tested positive both on the QFN and on the TST, regardless of clinical status. Children with negative results on both tests were classified as uninfected.
We treated all children with discordant test results as in need of evaluation for MTI and referred them for the same clinical evaluation and possible TB prophylaxis as children who were dually positive. 
Ethical considerations
Statistical analysis
We used logistic regression with the Proc Genmod procedure (SAS, Cary, USA) to calculate odds ratios (ORs) for the association between MTI and potential risk factors. We accounted for clustering of MTI within families by using generalized estimation equations. Initially, ORs were adjusted for age and sex only. Variables found to be statistically significant were then entered into fullyadjusted models, which included ethnicity, maternal age, age gap between child and next older sibling, and region of residence. All adjustment variables are presented in the tables.
Since contact with a known TB case has been reported to be a main predictor for MTI, 19 we further explored whether such contact modified the risk factor pattern. We determined whether a risk factor was modified by contact with a TB case by assessing for interactions between the risk factor and TB contact after adjustment for each adjustment variable. We estimated age trends using the median age within each age group as a continuous variable. We examined the association between MTI and having an older sibling found to be infected during the survey for all children who had at least one older sibling in the study.
Results
The census recorded 2880 children of eligible age as residents of the study areas. However, migration of households is common in Greenland and the exact number in residence is uncertain. Initially 2218 children (77% of the estimated 2880 children) returned signed consent forms. Of these children, 1886 (65%) were successfully tested with both the QFN and TST. Eighty nine subjects had discordant QFN and TST results: 46 had a positive TST and a negative QFN; 25 had a positive QFN and a negative TST, and 18 had an inconclusive QFN and a negative TST. These subjects were not included in the main analyses. Thus, 1797 (62% of 2880 estimated children) had a definitive MTI assessment. The demographic characteristics of participating children and of children across Greenland in the same age groups are shown in Table 1 . Age, gender, mother's age when she gave birth to the child, mother's total number of children and ethnicity were similar in the study population as in the total population of children in Greenland.
In total, 152 (8.5%) of the 1797 children included in the analysis were positive for MTI.
This included 48 (26.7%) of the 180 children with a known TB contact (10% of the whole) and 104 (6.4%) of the 1617 children without a known TB contact. Of the 180 children with a reported TB contact, 31% reported a household contact, 22% reported a school contact and 47% did not specify the type of contact. Of 180 children with TB contacts, 122 (68%) reported the time elapsed since the contact. In 52 such cases the contact was reported as having occurred within the past year. Posi- and without a reported TB contact. We checked for the effect of each variable was modified by the presence or absence of a known TB contact. The variables whose effect was significantly modified by the presence of a known TB contact were domestic crowding (increased risk: P = 0.009) and mother's education (decreased risk: P = 0.05). Region of residence was only associated with MTI among children without a known TB contact (P = 0.03), with children in southern Greenland having the highest risk.
Discussion
This study is, to our knowledge, the first one to have examined the rates of MTI and its risk factors in children living in the Arctic region. We found that contact with a patient with clinically active TB, increasing age, Inuit ethnicity, and a narrow age difference between the child and the next older sibling were significantly associated with positivity for MTI. However, stratifying for contact with a known TB case modified this picture somewhat. Among the children in the study who had a known TB contact (10%), domestic crowding and low maternal educational level were significant risk factors for MTI, while the only significant risk factor for MTI among children without a known TB contact was the region of residence.
Thus, two different risk factor patterns for MTI exist among children in Greenland, with the presence or absence of a known TB contact being the definitive factor. Among children with a known TB contact, the increased risk of MTI associated with living in crowded conditions may be the result of both easier transmission of M. tuberculosis because of closer contact between family members or because more family members are infected with M. tuberculosis. Similarly, low maternal education, insofar as it is linked to low socioeconomic status, may favour transmission of MTI within the household because of suboptimal hygienic standards and care for cases with TB. Other studies have also found low socioeconomic status to be associated with poorer general health, which may increase susceptibility to MTI among children living in households with fewer resources. 20 Even in children without a known TB contact, the source of infection appears to be within the household. A child's risk of MTI was 14 higher when an older sibling was found to be infected, even when the source of the infection was not known to be within the family. When two children within a family have MTI, both may have been exposed to a third active TB case or one child may have been sequentially exposed to the other. The finding that geographical region of residence was a risk factor for MTI in children without a known TB contact underlines the greater likelihood of community exposure when prevalence is high in the area. While this increased risk would also be true among children with known TB contact, M. tuberculosis exposure within the family dominated MTI risk, adjusting away the community-associated risk
In children with and without TB contacts, the increasing risk of MTI with increasing age points to a cumulative risk of acquiring MTI over time, a finding also observed in other studies. 21, 22 We have previously reported that the annual risk of MTI in Greenland is 0.8% per year, which translates into a prevalence of MTI of about 13% by the age of 18 years. 5 Inuit ethnicity was also associated with a higher risk of MTI in children with or without a known TB contact. Both genetic and environmental factors may be at play. Overall, little is known about the genetic susceptibility to tuberculosis, but some have reported that polymorphisms in the genes for mannose binding lectin and for the interferon gamma receptor are associated with susceptibility to M. tuberculosis. [23] [24] [25] In Greenland, social determinants probably increase the risk of MTI Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.10.084152
among Inuit children, since Inuit families tend to be larger, to live in more crowded conditions and to be less educated than families in which at least one parent is Danish. 26 A narrow age gap between a child and a next-older-sibling with MTI was a risk factor for TB both among children with a known TB contact and those without. This finding has been documented in studies of other infectious agents 27, 28 but not, to our knowledge, in studies on MTI. Traditionally, children with active TB disease are not considered infectious because they excrete few bacteria. However, in adolescence TB begins to resemble the adult form of the disease and can become sputum positive, as in adults, which poses the risk of transmission. [29] [30] [31] It is also possible that a narrow age gap between siblings acts as a proxy for closer interaction with elder siblings or a common social circle, both of which could make for a shared source of infection.
In 2007, the Greenlandic Directorate of Health revised the national TB programme by adding public information campaigns and educational materials for disease prevention programmes.
32
Our findings, based on MTI as the outcome, suggest that future campaigns should primarily target the Inuit population living in high-incidence regions and the inhabitants of small communities and settlements, and that efforts should be made to enhance contact tracing within families of low socioeconomic status. In Greenland, TB screening is routinely performed when children enter school and again when they graduate. This study has shown that if a child screens positive for MTI, intensive investigation of all members of the family should be undertaken promptly.
Our study has several strengths. The study population comprised approximately 17% of the total population of Greenland in the relevant age groups. The sample population was almost identical in its demographic characteristics to the population of Greenland as a whole. Because enrolment in the study was based on school attendance, which is mandatory in Greenland, our study sample is not likely to be biased by differences in access to health care. We know from previous experience that school lists, which form the basis for registering children in the communities, often include children temporarily or permanently absent from the area. We therefore consider a participation rate of 62% to be acceptable and the sampled population to be representative of the entire population of Greenland. Furthermore, we diagnosed MTI conservatively (i.e. requiring positivity on both QFN and TST), which minimizes the chances of misclassification. However, it is possible that earlier TB treatment mitigated the response to QFN and TST in some children 33 Finally, the use of information from national registers minimized recall bias, but bias resulting from the non-participation of sick children cannot be ruled out. Furthermore, the responses to the questionnaire may be subject to recall bias. However, since the study participants did not know their MTI status, any misclassification Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.10.084152
Page 9 of 18 was non-differential and would, if anything, underestimate the true effect of our association with MTI.
In conclusion, the present study revealed that family crowding as well as increasing age, Inuit ethnicity, region of residence and age difference between siblings are factors associated with MTI among children in Greenland. However, having had known contact with a person with active TB markedly modified the risk factor profile. Domestic crowding and low maternal educational level emerged as risk factors among children with a known TB contact but not among those who had no known contact with a TB patient. These findings can be used to target future public health interventions specifically at Greenlandic children with the highest risk of MTI. c Unlike the rest of the paper, this table presents ethnicity among the study population based on a child's birthplace to facilitate the comparison with the total population of Greenland (data from the CRS). f BMI categories were defined according to age-and sex-specific percentiles evaluated by Centers for Disease Control and Prevention BMI-for-age growth charts for girls and boys. Definitions were as follows: underweight, < 5th percentile; normal weight, 5th percentile to < 85th percentile; overweight, 85th percentile to < 95th percentile; obese,  95th percentile.
g Obesity was defined as in previous footnote; underweight, normal weight and overweight were combined into a single category.
Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.10.084152 The estimates were fully adjusted for the following variables: sex, age, ethnicity, mother's age at birth of study child, region and age difference between study child and next older sibling.
a Reference category.
b The sum of the CFs was obtained by adding the three CFs given in the table, as follows: CF 1 was added when 3 or more adults lived in the household; CF 2, when the average number of people per room was at least 1.5; and CF 3, when the study child did not have his own room.
c Interaction test performed as test for homogeneity of trends.
d Instead of qualifying for entrance to a Bachelor's programme through three years of upper secondary school, a person in Denmark and Greenland can qualify for entrance by completing three years of certified vocationally oriented training and courses. e BMI categories was defined according to age-and sex-specific percentiles evaluated by Centers for Disease Control and Prevention BMI-for-age growth charts for girls and boys. Definitions were as follows: underweight, < 5th percentile; normal weight, 5th percentile to < 85th percentile; overweight, 85th percentile to < 95th percentile; obese,  95th percentile.
